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Vitamin A derivatives have attracted much attention recently due to their abilities to inhibit the growth of some benign and malignant tumors (12, 14) , to induce differentiation in carcinoma cells (13) , and to cause dramatic improvement in serious cases of acne (4) .
We are investigating the potential antiviral and virucidal activities of a wide variety of fatsoluble and membrane-active compounds, using lipid-containing bacterial viruses as an initial screening system for detecting compounds that might have potent virucidal effects against mammalian viruses. We reported several years ago that the common food additive butylated hydroxytoluene is a potent inactivator of the lipidcontaining bacteriophages 46 and PM2 and human herpes simplex virus type 1 (HSV-1) (10). More recently, we have reported on the virucidal effectiveness of fatty acids and fatty acid derivatives (6, 7, 11) , finding that 12- The lipid-containing marine bacteriophage PM2, which has a lipid bilayer surrounded by a protein coat (8) , was less susceptible than 46 to the fat-soluble vitamins. Table 1 shows the vitamin concentrations required for 50% inactivation of PM2. Vitamin K,, a-tocopherol, and the vitamin A derivatives retinoic acid and retinyl palmitate were the most potent compounds against PM2. Retinal and retinol, which were the most potent inactivators of 46, were among the least active against PM2.
The antiviral activities of the vitamins against bacteriophages 46 and PM2 indicated that these compounds may be active against enveloped animal viruses. We tested the vitamins against HSV-2, an enveloped mammalian virus transmitted venereally and linked with cervical cancer (5 bBacteriophage PM2, at 5 x 105 plaque-forming units per ml in ND medium (9) , was incubated with the compounds for 30 min at 25°C. After incubation, samples were diluted and assayed for plaque-forming units by using Alteromonas espejiana (formerly designated Pseudomonas BAL-31).
'Virus suspensions at l0" plaque-forming units per ml were incubated with the compounds at room temperature for 30 min in TBS buffer (14) . After incubation, samples were diluted and assayed for plaqueforming units on monolayers of human embryonic lung cells. The data shown are an average of two experiments, each of which gave similar results. partially hydrophobic protein-protein interactions. Further studies on the antiviral activities of retinal and the other fat-soluble vitamins seem to be warranted and are in progress.
